Introduction
Anatomical variations of the patella position can be often correlated with some clinical conditions. Patella alta (an abnormal high position of the patella) is a condition associated with anterior knee pain, patellar instability, and Osgood-Schlatter's disease; patella baja or infera (an abnormal low position of the patella) with anterior knee pain and flexion limitation [1, 2] . In 1938, Blumensaat described for the first time a radiographic technique to measure patellar height [3] . Further studies tried to establish a reliable and reproducible method to evaluate the ratio between patellar tendon and patellar length. In 1971, Insall-Salvati (IS) index was proposed as the ratio of the patella tendon length (length of the posterior surface of the tendon from the lower pole of the patella to its insertion on the tibia) to the length of the patella (greatest pole-to-pole length) [4] . This index is generally measured on lateral view of knee X-ray or on sagittal plane of MRI in a 30° flexed knee; the normal range is considered between 0.8 and 1.2 (patella baja <0.8; patella alta >1.2) [5, 6] .
MRI improves the detection of patellar instability and the reliability of patella tendon measurement compared with X-ray because of a better soft tissue contrast and a cross-sectional depiction [7, 8] . However, despite universal reference ranges for patellar height ratios on X-ray, there is yet a uniform consensus on the acceptable reference range for normal patellar height on MRI [5, 9] .
In the clinical practice, US is often the first-line examination for non-traumatic joint disease and it can evaluate Abstract Purpose To investigate whether the universally accepted range of normal patellar height ratio derived from MRI for the Insall-Salvati (IS) method could be similarly applied to ultrasound (US). Materials and methods This study included 52 patients (age range 11-75 years) who underwent a bi-modality (US and MRI) examination, with a total of 60 knees evaluated. IS index (ratio of the patella tendon length to length of the patella) was acquired with both methods. Two operators, with different experiences of musculoskeletal imaging and blinded to the results of other investigators, separately performed the MRI and US measurements. Results For the two operators, MRI reported a mean value of patellar height ratio of 1.10 ± 0.16 (mean ± standard deviation SD), while US a mean value of 1.17 ± 0.16 (mean ± SD). For comparable results, the small addition of 0.16 is needed for the measurements on US compared with MRI. Inter-observer agreements using intra-class correlation coefficient (ICC) was, respectively, 0.97 for MRI and 0.98 for US. The difference of mean values in patellar height ratios between MRI and US was not statistically significant (p = 0.15). The ICC between the two modalities was 0.94. Conclusion According to our experience, IS index can be appropriately evaluated on US images, reducing the need of other imaging techniques. the patellar tendon and the patellar cortical profile [10, 11] . During a routine US examination, the IS index can be evaluated to improve the diagnostic potential of the patellar instability and reduce the need for additional examinations.
The aim of the current study was to evaluate whether universally accepted IS index obtained with MRI can be similarly evaluated with US examination. In addition, interobserver variability was calculated.
Materials and methods
From September to December 2016, 56 patients underwent MRI and US examinations with a total of 64 evaluated knees (Figs. 1, 2) . Patients eligible for the study were recruited among patients referred to our department for investigation of anterior knee pain or functional impairment. Patients were excluded from this study if there were artifacts from metallic structures or previous history of trauma because of their modified spatial relationships between anatomical structures. Two patients were also excluded, because they refused MRI. According to these criteria, a total of four patients were excluded. A total of 52 patients and 60 knees were finally included in the statistical analysis.
US imaging was obtained using high-end US scanners (Aplio 500, Toshiba Medical System, Osaka, Japan) equipped with a linear high-frequency transducer (5.5-18 MHz, 5.7 cm). Patellar tendon length (PT) was obtained with a device for a knee flexion angle of 30°, while patellar length (PL) was obtained with knee hyperextension using an ultrasound pad, to better evaluate the anterior patellar surface and compare data with those obtained with MRI.
All patients underwent MRI (Artoscan 0.2 T, C-Scan Esaote, Genoa, Italy) examination in the same US session. The images were obtained with a knee flexion angle of 30° using a specific support [3, 10] . The scanning parameters were set as follows: the repetition time (TR) and echo time (TE) of sagittal T1-weighted spin echo, axial T2-weighted spin echo, coronal gradient echo-short time inversion recovery (GRE-STIR), and axial T1-weighted spin echo were 600 and 18 ms, 2200 and 90 ms, 1260 and 25 ms, and 560 and 18 ms, respectively; slice thickness, 5 mm; interslice gap, 5 mm; field of view, 16 cm × 16 cm; and matrix, 256 × 192. Midsagittal non-fat-saturated T1-weighted spin echo was preferred to obtain measurements.
IS index was obtained in US and MRI and then compared. According to the literature, a normal range of IS index between 0.8 and 1.2 was used. Osteophytes were not included in the measurements. According to Lee et al., to compare US results with those of MRI, an adjustment of 0.16 was addicted to US measurements [5] .
Two operators, with different experiences of musculoskeletal imaging and blinded to the results of other investigators separately performed the MRI and US measurements.
Informed consent was obtained from all individual participants included in the study.
Statistical analysis
Continuous data are presented as mean ± standard deviation (SD) and as median with minimum and maximum range. Categorical data are reported as counts. The differences between the groups were analyzed using the paired t test and results were expressed as mean ± SD. The Kolmogorov-Smirnov test was used to evaluate the distribution normality of continuous variables.
Inter-observer and inter-modality agreements were assessed using intra-class correlation coefficient (ICC) and evaluated according to Shrout and Fleiss convention: values between 0 and 0.4 indicate a poor reliability, between 0.4 and 0.75 a moderate reliability, and values greater than 0.75 indicate an excellent reliability.
The analysis was performed using the SPSS software (version 18.0, SPSS Inc., Chicago, IL, USA). 
Results
A total of 52 patients (age range 11-75 years; mean value ± SD, 44.2 ± 18.5) were enrolled in the current study and 60 knees were evaluated and finally included in the statistical analysis.
In US examinations, the range of patella length was between 31 and 44 mm (mean value ± SD, 37.3 ± 3.4 mm) for the first operator and between 30 and 48 mm (38.1 ± 3.5 mm) for the second operator; in MRI examinations, the range was between 32 and 46 mm (38.6 ± 3.5 mm) for the first operator and between 33 and 48 mm (38.9 ± 3.7 mm) for the second operator.
In US examinations, the range of patella tendon length was between 35 and 54 mm (mean value ± SD, 43.6 ± 4.7 mm) for the first operator and between 41 and 53 mm (43.4 ± 4.5 mm) for the second operator; in MRI examinations, the range was between 32 and 55 mm (42.7 ± 5.3 mm) for the first operator and between 30 and 54 mm (42.3 ± 5.1 mm) for the second operator.
For the two operators, MRI reported IS index mean values, respectively, of 1.09 ± 0.16 (mean ± SD) and of 1.11 ± 0.16, with a mean value of patellar height ratio of 1.10 ± 0.16. US reported mean values, respectively, of 1.17 ± 0.15 and 1.16 ± 0.16 for the two operators, while the mean value of patellar height ratio was 1.17 ± 0.16.
Inter-observer agreements using ICC were, respectively, 0.97 for MRI and 0.98 for US. For comparable results, the small addition of 0.16 is needed for the measurements on US compared with MRI. The mean average difference in patellar height ratios measured with MRI and US was not statistically significant (p = 0.15). The ICC between the two modalities was 0.94.
Patello-femoral osteoarthritis and progressive cartilage damage were observed, respectively, in 30 and 42 patients. Lateral tilt of patella was diagnosed in 28 patients. Enthesopathy of the patellar tendon insertion was observed in 22 patients.
Discussion
According to the literature, patellar height derangements can lead to progressive cartilage loss, functional impairment, and disability [12] . The pain can increase when the patient sits with knees bent, jumps, or goes down stairs. The IS index is the most used ratio to evaluate abnormal patellar height, which is the commonest cause of anterior knee pain. On X-ray images, cortical bone surface is often poorly evaluated; moreover, the large variability of patella length, the possible presence of osteophytes, and other patellar derangements can limit the evaluation of IS index. In recent years, patients with anterior knee pain often undergo straight second-level exams and X-ray results are not available at the time of cross-sectional imaging evaluation. For this reason, standardization of patellar height measurement on different imaging modalities seems to be necessary [13] [14] [15] . Lee et al. reported their experience about the assessment of IS index with a multimodality approach (CT, MRI, and X-ray), noting small quantitative differences between the evaluated diagnostic techniques [5] . A recent article demonstrated that approximately 40% of the total knee MRI prescriptions were totally inappropriate or uncertain [16] . In clinical practice, US is often the first diagnostic approach in patients with not traumatic knee disease, because it is a non-invasive and widely-accessible method used in the differential diagnostic procedure of anterior knee pain. Martino et al. compared US and X-ray in the evaluation of IS index, with an ICC of 0.80 [17] . For the first time in the literature, in our study, we compared IS index obtained with MRI and US examinations to evaluate different methods of IS index assessment.
For the two operators, we obtained IS ratio mean values, respectively, of 1.09 ± 0.16 and 1. [18] [19] [20] . Inter-observer agreement using ICC was 0.97 for MRI, with not significant difference between the two operator results. In our opinion, the MRI measurements seem to be quite reproducible and unrelated with different experiences of operators.
US reported for the two operators IS ratio mean values, respectively, of 1.17 ± 0.15 and 1.16 ± 0.16. In our opinion, US evaluation of the knee needs operator experience and training in ultrasound technology to correctly use the pad and evaluate this anatomical district. In our study, despite of different experiences of the operators, interobserver agreement using ICC was 0.98 for US (not statistically significant difference) and PT and PL could be easily evaluated with US to obtain IS index. Miller et al. found mean differences of 0.10 between radiographs and MRI for the IS method; in our study, a slight adjustment of 0.16 was addicted to US measurements to compare US with MRI results [19] .
The mean average difference in patellar height ratios measured with MRI and US was not statistically significant (p = 0.15). The reliability between the two modalities was excellent (ICC ≥ 0.94). According to our results, during a US examination of the knee, IS index should be always evaluated to obtain additional information in anterior knee pain disorders.
Our study evidenced some important limitations, related with the examination technique, the structural features of the examined knees, and the limited number of patients. Limitation related to MRI technique included that it is a second level and expensive technique, more sensitive to susceptibility and motion in comparison with other methods, and available only for selected patients. US technique limitations in the evaluation of anterior knee pain included the strong operator-dependence, the difficult evaluation of patella cortical profile, and the incorrect use of the ultrasound pad. These procedures required skilled and experienced operators to obtain a sufficient repeatability. About structural features of the examined knees, severe patellofemoral osteoarthritis and enthesopathy of the patellar tendon insertion can limit the US evaluation of knee joint, while the presence of metallic structures (previous surgery, foreign bodies, etc.) can limit the MRI evaluation. Further studies with a larger number of patients should be needed.
According to our experience, IS index can be appropriately evaluated on US images. In conclusion, the evaluation of IS index can enlarge the spectrum of US features providing an easy and reliable approach in patients with anterior knee pain, reducing the need of MRI examination, particularly in post-traumatic and post-operative patients.
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